Abstract Depression is a frequent side effect of interferon (IFN)-alpha therapy of hepatitis C (HCV) and is of great relevance with regard to adherence, compliance, and premature therapy discontinuation. There are no reliable tests to identify patients-at-risk for the development of IFN-alpha induced depression. We retrospectively studied distribution of IFN-gamma (IFNG) (?874) T/A genotypes in 170 Caucasian HCV patients treated by IFN-alpha. Distribution of IFNG (?874) genotypes was different between depressed and not depressed subjects with more TA and less AA carriers among depressed than among not depressed subjects (P = 0.003). Carriers with at least one T allele were more frequent among depressed than among not depressed patients (P = 0.003). Our results suggest that presence of high producer (T) alleles might be a genetic risk factor for the development of IFN-alpha-induced depression. Assessment of IFNG (?874) genotypes might help to identify patientsat-risk for IFN-alpha-induced depression. IFNG and IFNalpha transcriptionally induce indoleamine-2,3-dioxygenase (IDO), the rate-limiting enzyme of the kynurenine (KYN) pathway of tryptophan (TRY) metabolism. IFN-induced upregulation of IDO triggers depression by shifting TRY metabolism from formation of serotonin to production of neuroactive kynurenines. TRY-KYN pathway might be a new target for pharmacological prevention and treatment of IFN-alpha-induced psychiatric complications.
Background
Depression was reported in 25-50% in patients with hepatitis C virus infection (HCV) treated with interferon-alpha (IFN-alpha), and is of great relevance with regard to adherence, compliance, and premature therapy discontinuation (Capuron and Miller 2004) . There are no reliable tests to identify patients-at-risk for the development of IFN-alpha-induced depression. Recent studies revealed association of IFN-alpha-induced depression with polymorphisms of inflammation-related genes of IFN-alpha receptor (Yoshida et al. 2005 ) and interleukin-6 (Bull et al. 2009 ); and serotonin-related genes: serotonin-1A receptor (Kraus et al. 2007) , and serotonin transporter (Bull et al. 2009; Lotrich et al. 2009 , Pierucci-Lagha et al. 2010 . These findings are in line with the data on cytokines involvement in antidepressant effect (Janssen et al. 2010) and with the hypotheses of serotonin deficiency as a cause of depression (Coppen 1968) , and of up-regulation of serotonin transmission as a determinant of antidepressant effect (Lapin and Oxenkrug 1969) . These studies, however, did not consider that serotonin deficiency in depression might be triggered by shunting of tryptophan (TRY) metabolism from serotonin to kynurenine (KYN) pathways (Lapin and Oxenkrug 1969; Oxenkrug 2010a ). Up-regulation of TRY-KYN pathway depends on the activation of its rate-limiting enzyme, indoleamine-2,3-dioxygenase (IDO) (Hayaishi1976). Considering that IFN-alpha stimulates IDO activity and production of IFN-gamma (IFNG), the strongest transcriptional inducer of IDO (Taylor and Feng 1991) , it was suggested that IFN-alpha-induced depression depends upon the up-regulation of IDO (Raison et al. 2006) . IFNG production is encoded by polymorphic IFNG (?874) T/A gene (Pravica et al. 2000) , therefore, the presence of high (T) or low (A) producer might impact the production of IFNG, the extent of IDO activation, and, consequently, the occurrence of depression associated with IFN-alpha treatment (Oxenkrug 2007 (Oxenkrug , 2010a . To check this suggestion, we compared IFNG (?874) T/A polymorphisms in HCV patients who have experienced depression while taking IFN-alpha, and those who did not.
Methods

Study patients
IFNG (?874)T/A polymorphisms were evaluated in a retrospective study of 204 patients treated in the past 2 years with peginterferon alfa-2a (Pegasys Ò or PegIntron Ò ) administered by subcutaneous injection at doses ranging from 120 to 180 ug/week, in combination with ribavirin at doses ranging from 1,000 to 1,200 mg/d. Doses were determined by the patients' body weight. Treatment lasted for 6-12 months depending on the virus genotype. Study was approved by Tufts Medical Center and Western Institutional Review Boards. All participants signed the informed consent forms. Patients were evaluated by psychiatrist, and presence/absence of depression was assessed by utilization of SCID for past depression (Structured Clinical Interview for DSM-IV axis 1 Disorders).
Polymorphism analysis
Genomic DNA was extracted from peripheral blood samples using QIAamp DNA blood mini Kit (Qiagen, Valencia, CA). Polymorphism at position ?874 of INFG gene was identified using allele-specific polymerase chain reaction using specific primer (antisense primer: TCA ACA AAG CTG ATA CTC CA, sense ?874T: TTC TTA CAA CAC AAA ATC AAA TCT, and sense ?874A: TTC TTA CAA CAC AAA ATC AAA TCA). PCR amplification was performed as described elsewhere (Pravica et al. 2000) .
Statistical analysis
The genotype frequencies were tested for Hardy-Weinberg equilibrium using a standard Chi-square test. Comparisons between genotype groups were made by Chi-square test, and P values\0.05 were considered as statistical significant.
Results
170 out of 204 patients were Caucasian subjects (121 men and 49 women, median age 53 years). Present report includes data of only these Caucasian patients. 104 of them experienced IFN-alpha-induced depression. There were almost two times more depressed (35.6%) than not depressed (18.2%) females and almost equal number of depressed and not depressed males (Table 1) .
Observed and expected IFNG (?874) genotype distributions were not statistically different, and the allele frequencies for each polymorphism were as expected from the Hardy-Weinberg equilibrium (data not shown).
Distribution of IFNG (?874) genotypes was different between depressed and not depressed subjects with more TA and less AA carriers among depressed than not depressed subjects (P = 0.01). There were more carriers of, at least, one T allele among depressed than the not depressed patients (P = 0.003; Table 2 ).
Discussion
This is the first observation of different distribution of IFNG (?874) T/A genotypes between depressed and not depressed HCV patients treated with IFN-alpha. Significant increase of frequency of TA carriers and decrease of AA carriers among depressed patients in comparison with not depressed patients suggests that presence of T alleles represents a genetic risk factor the development of IFN-alpha-induced depression. TA and TT genotypes are associated with higher IFNG mRNA than AA genotypes: mean mRNA levels of IFNG in white blood platelets were not statistically different between TA and TT carriers but 14 times higher than mRNA in carriers of AA genotype (P \ 0.001) (Biolo et al. 2006) . TA and TT carriers had higher blood IFNG levels than AA carriers (Anuradha et al. 2008) . Therefore, alternative interpretation of our data as suggestive of protective role of A alleles might be manifested only in AA carriers (but not in TA carriers). The higher frequency of carriers with, at least, one T allele among depressed than not depressed patients might, therefore, suggests the possibility of higher production of IFNG in patients with IFN-alpha-induced depression. This suggestion is in line with the hypothesis that IFN-alphainduced depression is caused by up-regulation of TRY-KYN metabolism via activation of IDO (Capuron and Miller 2004) . It is noteworthy that prolong activation of IDO might decrease TRY content similar to dietary TRY deficiency causing pellagra (first described by 1,735 by Gaspar Casal), that manifested by depression and other psychiatric symptoms (Pitche 2005) . There are evidences of anxiogenic (Lapin 1996 (Lapin , 1998 (Lapin , 2003 Dilman et al. 1979 , psychomimetic (Erhardt et al. 2004 , and cognition impairment (Schwarcz and Pellicciari 2002) effects of KYN and its derivatives that might underline similar psychiatric side effects of IFN-alpha treatment (Oxenkrug 2010a) . Increased risk of developing depression in carriers of T alleles is in line with the finding of association between risk of IFN-alpha-induced depression and IL-6 levels (Bull et al. 2009 ) since T alleles were associated with the increased production of IL-6 by white blood cells (Biolo et al. 2006) . IFNG gene polymorphism might be related to recent finding of association of phospholipase A2 and cyclooxygenase 2 genes with IFN-alpha-induced depression (Su et al. 2010 ) since phospholipase A2-arachidonic acid-cyclooxygenase 2 cascade is triggered by IFNGinduced production of free radical, superoxide anion, precursor of peroxynitrite, from arginine at the expense of nitric oxide formation (Oxenkrug 2010b, c) .
Depression and other psychiatric complications of IFNalpha therapy are very often (up to 50%). Identification of the risk factors for the development of IFN-alpha-induced depression is important because psychiatric complications may impair patients ability to clear virus; necessitate IFNalpha dose reduction or even premature discontinuation of therapy; interfere with patients capacity to manage the requirements of everyday life; and have negative impact on families and caregivers (Loftis and Hauser 2004; Raison et al. 2006 ).
However, identification of patients-at-risk is a difficult task considering the absence of reliable tests. Genetic factors might be considered along with environmental (stress) modifiers (Leonard and Myint 2009) . The presence of T alleles of IFNG (?874) gene (if replicated in larger cohort of different genetic background) along with the other reported genetic polymorphisms (Bull et al. 2009; Kraus et al. 2007; Lotrich et al. 2009; Su et al. 2010; Yoshida et al. 2005 ) might be helpful for the identification of individuals-at-risk for the development of depression and other psychiatric side effects of IFNalpha treatment for HCV, multiple sclerosis and certain malignancies (Patten 2006 ) and for implementation of appropriate therapeutic interventions (Molina-Hernández et al. 2008) . 
